Loggerhead Caretta caretta and leatherback Dermochelys coriacea sea turtles are caught frequently as longline bycatch. Loggerhead turtles are often hooked in the mouth, while leatherbacks often are hooked in the shoulder or flippers. Comparisons of feeding behavior and accuracy in biting surrogate 'prey' targets, in the presence of waterborne food odors, identified species-specific differences that may predispose the turtles to be hooked differently. Additionally, the visual fields of post-hatchling loggerhead and leatherback sea turtles were measured and compared to determine if field of view could further contribute to feeding behavior differences and refining the explanation as to why the 2 species are hooked differently. We found that loggerhead turtles, which have a larger visual field and a small area of binocular vision, were more accurate when biting a target than leatherbacks. These traits may explain their greater incidence of mouth, throat, and stomach hookings. Leatherback turtles have a smaller field of view and no overlap of visual fields, and they were less accurate in apprehending targets. Leatherbacks lack binocular vision, which might explain why they are prone to entanglement or hooking external to the mouth more often than loggerheads. Together, visual field and biting accuracy may help explain why leatherbacks and loggerheads differ in how they interact with fishing lines and the locations of their hookings. Such understanding of the species' behavior and limits of visual fields is essential for formulating further bycatch reduction approaches.
INTRODUCTION
Fisheries bycatch is a significant source of mortality for sea turtles, sharks, seabirds, and other nontarget species worldwide (Lewison et al. 2004a , Wallace et al. 2013 . Such mortality is significant and contributes to the decline (and prevents recovery) of these imperiled species (Wallace et al. 2013 ). The main target species of longline fiheries are commer-cially valuable fish such as tuna (Thunnus spp.), swordfish Xiphias gladius, and mahi mahi Coryphaena hippurus (summarized by Lewison & Crowder 2007) . Fisheries bycatch is a major anthropogenic stressor on marine ecosystems (Baum & Myers 2004 , Dunn et al. 2011 , Lewison et al. 2014 . Davis (2002) estimated that one quarter of all fisheries catch worldwide is bycatch. Lewison et al. (2014) emphasized that fisheries can impact large predator abun-dance (including marine turtles) both via direct capture and indirectly through incidental capture of nontarget species or bycatch. Mortality from longline bycatch is implicated in the decline of several sea turtle species in the Atlantic and Pacific Oceans (Spotila et al. 2000 , Piovano et al. 2004 , Lewison & Crowder 2007 , Wallace et al. 2013 , Fossette et al. 2014 . Studies of the behavior that predisposes the turtles to being hooked tend to focus on the coincidence of overlapping habitats (Polovina et al. 2000 , Fossette et al. 2014 , Stewart et al. 2016 ), but not on aspects of the behavior predisposing them to different hookings.
Loggerhead Caretta caretta and leatherback Dermochelys coriacea sea turtles are caught incidentally on longlines (Lewison et al. 2004a , Watson et al. 2005 ). These individuals are often large immature or adult animals that represent future recruitment to the reproductive segment of populations (Wallace et al. 2008) . Although bycatch of sea turtles may be rare for individual fishers, the cumulative numbers of hooks deployed can have a substantial impact on the population (Lewison et al. 2004b , Coelho et al. 2015 . When the 2 species interact with longlines, they tend to do so somewhat differently. Leatherbacks tend to become entangled in the gear, getting hooked externally (i.e. 'foul hooked') or, less often, swallow the hooks. Loggerheads are less often entangled and are more often hooked in the mouth, throat, or stomach (Casale et al. 2008 , Coelho et al. 2015 . Effects of hookings can range from slight injury, to delayed mortality following release, to death on the line. Cumulatively, such direct and delayed losses negatively impact population recovery (Lewison et al. 2004a , Donoso & Dutton 2010 , Alfaro-Shigueto et al. 2011 , Swimmer et al. 2012 .
Several advances have been made to reduce sea turtle bycatch, such as time fished, bait type used, hook type (circle vs. J-hooks) and barb offset, and bait soak times (Shiode et al. 2005 , Watson et al. 2005 , Gilman et al. 2006 , Lucchetti & Sala 2010 , Santos et al. 2012 , Stokes et al. 2012 , Swimmer at al. 2017 ). Yet understanding why the interactions of these 2 species with longlines differ remains focused on the descriptions of the hooking locations and consequences; there has been less investigation of behavioral causes. A common assumption is that both species are attracted to bait on the hook (e.g. squid, mackerel) or in-water lights. Loggerheads are attracted to lights on the lines (Wang et al. 2007 ), but leatherbacks are not (Gless et al. 2008) . When the turtles attempt to eat the bait, they become caught or entangled (Watson et al. 2005 , Southwood et al. 2008 , Stokes et al. 2011 , Gilman & Huang 2017 . To better understand how and why sea turtles are caught, and focus bycatch reduction techniques, studies of behavior that leads to incidental capture, particularly feeding behavior, are needed. When loggerhead and leatherback sea turtles are hunting for food in a laboratory setting, they explore their tanks, pause swimming when a food odor is detected, then reorient toward the food once it is seen. Loggerheads often open their mouths prior to reaching their prey (Guzman 2008, authors' unpubl. obs.) while leatherbacks bite at prey immediately before making contact (authors' unpubl. obs.).
Worldwide, efforts have been made to reduce sea turtle bycatch for a variety of fisheries and gear types (Garrison 2005 , Kaplan 2005 , Gilman et al. 2006 , Kerstetter & Watson 2006 , Swimmer & Brill 2006 , Santos et al. 2012 , Wallace et. al 2013 . These efforts include changing the bait types to decrease the likelihood of interactions with sea turtles. Several studies found that the bycatch of sea turtles decreased significantly with the use of fish bait rather than squid , Santos et al. 2012 , Swimmer et al. 2017 . Altering the type of hook is another technique to reduce bycatch. Historically, Jhooks have been used in many longline fisheries globally; in the longline fisheries of the USA and some other countries, there is an ongoing push toward using circle hooks that are less prone to foulhooking or mouth-hooking sea turtles and other bycaught species (Witzell 1999 , Polovina et al. 2003 , Cambiè et al. 2012 , Santos et al. 2012 . Watson et al. (2005) identified reduced leatherback bycatch when baits were switched from squid to mackerel and when using circle hooks rather than J-hooks. While overall bycatch of leatherbacks was reduced using circle hooks, the occurrence of leatherbacks hooked in the mouth rather than foul-hooked increased bỹ 20% when baits were rigged with circle hooks . Foul hookings were still the most common bycatch interaction for leatherbacks with either hook type , Stokes et al. 2012 . Bycatch remains a significant source of interaction for loggerheads and leatherbacks even in fleets using suggested hook and bait combinations (Wallace et al. 2013) . The persistence of this problem suggests that the feeding behavior of sea turtles is not sufficiently understood.
Most bycaught loggerheads tend to be hooked in the mouth or internally in the throat, stomach, or intestines (Gilman et al. 2006) . In contrast, most bycaught leatherbacks are foul-hooked or entangled in the gear , Swimmer et al. 2017 ).
Both species may be attracted to the area of the longline sets by visual and chemical stimuli from the baits and gear, or a combination of those factors (Wang et al. 2007 , Gless et al. 2008 , Southwood et al. 2008 ). Yet, the fact that leatherbacks are foul-hooked and less frequently recorded as ingesting the bait (Gilman et al. 2006 , Gless et al. 2008 , whereas loggerheads often ingest the bait, suggests fundamental differences in feeding behavior.
The main goal of this study was to investigate if species-specific feeding behavior and visual fields can explain the differences in the nature of bycatch. We tested how loggerheads and leatherbacks responded to surrogate bait or prey objects suspended in the water by measuring biting attempts. Additionally, to identify if there are visual field differences that might relate to either propensity to be foulhooked or ingest baits, we mapped and compared the visual fields of the 2 species. Both lines of data identified some differences and may provide an explanation for why leatherbacks are hooked externally more often while loggerheads are hooked in the mouth, throat, or stomach.
MATERIALS AND METHODS

Collection and maintenance
Hatchling loggerhead and leatherback sea turtles were collected upon emergence from nests laid in southeastern Florida (USA) beaches (Palm Beach County; 26.34°N, 80.07°W to 26.87°N, 80.05°W). Turtles were transported in covered Styrofoam™ boxes with damp sand at the bottom to Florida Atlantic University's Marine Lab at Gumbo Limbo Environmental Complex in Boca Raton, a trip of less than 60 min. Approximately 10% of a clutch (10 loggerheads clutch −1 and 5 leatherbacks clutch −1 ) were selected for potential inclusion in the study. The turtle numbers collected were defined by protocols for a separate, unrelated study for which they were used following this study. All hatchlings selected were morphologically normal (species-typical shell shape, scute patterns for loggerheads, normal head and flippers, no skin lesions) and underwent a 5−10 d quarantine observation process before entering the colony to ensure that they were healthy. Any signs of sluggish swimming or diving behavior or failure to feed was viewed as abnormal and precluded the animals from being used in this study. The turtles were monitored daily throughout the study to ensure that they were swimming and feeding normally.
Each turtle was measured weekly for straight carapace length (SCL) and width to the nearest 0.1 mm with Vernier calipers, and weighed to the nearest 0.1 g using an electronic scale to track normal growth as a proxy for ensuring that the turtles were healthy throughout the study. Turtles selected for the study from those passing quarantine were 4−7 wk old. Loggerheads averaged 54.1−62.1 mm SCL and leatherbacks averaged 74.0−82.7 mm SCL during the study.
Loggerheads were kept in tanks with open flowthrough seawater at 25−29°C and were held individually in flow-through floating baskets (19.5 cm × 12.7 cm × 12.7 cm) to prevent social hierarchies. Leatherbacks were housed individually in tanks filled with filtered seawater, at 23−25°C. Because leatherbacks do not recognize barriers such as tank walls, each was on a tether made of a 1.0 cm 2 hook and loop patch attached to the carapace with a drop of cosmetic-grade cyanoacrylate cement. The loop side of the patch served as the attachment site for a hook-side patch leading to a monofilament tether that was approximately 16−20 cm in length. The tethers allowed the turtles to swim and dive in any direction but prevented abrasions caused by repeated contact with the sides or bottom of the tank. Both species were kept on a 12:12 h light:dark cycle, with light supplied by overhead UVA/UVB fluorescent lamps (ReptiSun ® 5.0 or 10.0) located 0.5 m above the water.
Visual fields
To determine if loggerheads and leatherbacks differ in their visual fields, which can affect feeding behavior, we measured the mean angles of view of each turtle. Dorsal, frontal, lateral, and ventral photos ( Fig. 1) were taken of 10 loggerheads and 5 leatherbacks using a Canon Powershot (model ELPH 180), with the camera lens positioned 20 cm from each turtle for all photos. We measured 1 eye per turtle because the eyes are bilaterally symmetrical. The frontal and ventral views were measured on whichever eye was fully open. Lateral views were used to describe pupil shape and ensure the pupil was approximately centered as the standardized position for our measurements. To assess potential overlap of visual field, we geometrically mapped the maximum visual angles from each eye. Field of view angles were then measured from the pupil edges to the center of the lens as the vertex (adapted from McComb & Kajiura 2008 , Lisney et al. 2012 ). This procedure was used to find the anterior−posterior and dorsal−ventral measures. We inferred bilateral symmetry in calculating visual field overlap.
We estimated the fields of view for each species using frontal, ventral, and lateral views. The tangents of the mean angle measurements were used to estimate the lengths of the major and minor axes, where a and b are the major and minor axes, respectively. We calculated an elliptical field (y) defining the extent of the visual field as:
We next calculated the area of ellipses at 20 cm (y 20 ) for each species:
Bite propensity and bite accuracy trials by species
To determine how the species differed in their feeding behavior and bite accuracy (bite performance), we conducted visual approach trials in which turtle behavior in the presence of a surrogate 'food' model was measured. Trials were conducted in a rectangular (85 cm × 60 cm × 57 cm) tank ( Fig. 2) filled with 222 l of filtered seawater at the same temperature as the turtle's housing tank water. A mirror measuring 63.5 × 76 cm was placed at a 45°angle in the tank to allow concurrent observation of the lateral and ventral views of the animal. Each turtle's trial was filmed from a fixed location using a high-definition video camera (Canon, Model Vixia) mounted on a tripod.
Between trials, the test tank was drained and cleaned with fresh water and VedCo™ D-256 disinfectant solution, and then rinsed with freshwater before refilling the tank with filtered seawater. Target stimuli were also disinfected and rinsed similarly between trials.
Turtles were tested individually with standardized surrogate bait targets and bait odors. Each turtle was tethered in the center of the tank with thin monofilament (~20 ± 2 cm in length) to a Lycra ® harness for log- . 4 ) and identification that the field of view extends ventrally gerheads (after Salmon & Wyneken 1987 ) and a Velcro ® patch for leatherbacks. Turtles were fasted the day prior to and the day of their trial. Each turtle was given a 30 min acclimation period, after which a 3 min control period began. At the beginning of the control period, 20 ml of filtered seawater were introduced to the tank immediately and a standardized visual stimulus was lowered into the water (Fig. 3) . At the end of the control period, the standardized visual stimulus was raised out of the water, and the 3 min experimental period began. At the start of the experimental period, a bait odor stimulus was added to the water and the visual stimulus was lowered into the water again. The visual stimulus represented an odor-free, surrogate 'prey' for the turtle. We tested a small and a large stimulus. The small visual stimulus (hereafter, small target) was a silver and grey lead fishing weight (no. 3 'split-shot' lead weight, 1 cm dia meter; Fig. 3) . A pink and taupe colored plastic jellyfish (hereafter, jellyfish model) served as the large visual stimulus (11 cm in diameter, 12 cm in maximum length, 22 ml volume; Fig. 3 ) following the methods used by Constantino & Salmon (2003) . The researcher stood, with minimal movement, in the same position aside the tank for all control and experimental periods. The numbers of turtles tested that bit at the targets were compared between the species by target size. For both loggerhead and leatherback turtles, bite performance was measured in several ways: (1) total bites during control or experimental periods (defined as total bite performance), (2) total bites at the visual stimulus, (3) total successful bites (a bite in which the turtle's mouth made contact with the target), and (4) initial bite success (if the turtle succeeded in biting the stimulus on its first attempt). Additionally, we quantified if the bite response was elicited by a stationary or moving visual stimulus. For loggerheads, we compared if the turtles differed in their responses to the 2 stimuli.
Loggerhead bite propensity and accuracy tests
The small target ( Fig. 3 ) was affixed to a piece of 5.4 kg strength (12 lb test) monofilament line and lowered to approximately 5 cm below the water surface field of view of the turtle. The line suspending the stimulus was held taut with a 170 g weight on the tank bottom to keep the stimulus steady in the water. A trial began when 20 ml of filtered seawater (control) or 20 ml of squid odor (test solution) were introduced into the test tank from above via a 20 ml syringe. The squid odor solution was prepared by soaking 120 g of thawed squid in 1 l of filtered seawater for 7 h (50 400 g*min/l solution). Because the control treatment consistently resulted in lack of response, it was discontinued after 10 turtles showed no response. Ten loggerheads were tested with a control and squid odor solution; 13 were tested with squid odor alone (23 total loggerheads). If a turtle received the control treatment, it was also tested with squid odor. The seawater control was always introduced before the test odor. After introduction of the control or test solution, the visual target was lowered into the test tank. Behavior was recorded for 1 min once the turtle bit at the visual stimulus or a total of 3 min if the turtle did not bite at the stimulus during the first minute. If the odor treatment was delivered after the control treatment, the target was lifted out of the water, 71 Fig. 2 . Test tank set-up for biting trials, with mirror (in grey) at a 45° angle in the water (purple line). The test target is diagrammed as the oblong shape in the vertical line. The turtle's tether from above is not shown. This test configuration allowed us to view the animal's ventral and lateral movements simultaneously while the test target was lowered into the water. Fig. 3 . Small target (split-shot lead weight; left) and jellyfish model (right) were used in biting behavior trials. Photos show these visual targets against a 1 cm × 1 cm grid squid odor was introduced into the tank, and then the visual target was then lowered back into the tank. All loggerheads were tested with stationary and moving surrogate baits to ascertain if a moving target changed the turtle's responses. A moving target was created by gently pushing the line that the stimulus was attached to in order to make it sway a few cm in the water.
The jellyfish model was used as a visual target for 10 loggerheads using a seawater control and squid odor. The jellyfish model was attached to the middle of a vertical monofilament line, 20 cm in length, and was made negatively buoyant with a lead fishing weight. The upper surface of the jellyfish model was approximately 3 cm below the water surface. The odors were delivered in the same manner as trials performed with the lead split-shot target. A trial was concluded once the animal made an attempt to bite the visual target. If the turtle did not try to bite at the visual target, the trial was concluded after 3 min.
Leatherback bite propensity and accuracy tests
The visual target for leatherbacks was the jellyfish model (no leatherbacks approached the small target). Homogenized lion's mane jellyfish Cyanea capillata was used as the odor stimulus to elicit feeding behavior in leatherbacks (after Constantino & Salmon 2003) . A trial began when 20 ml of filtered seawater (control) or 20 ml of homogenized lion's mane jellyfish odor were introduced into the test tank. If a turtle received the control treatment, it also was tested with lion's mane odor. The control was always introduced before the odor. After introduction of the control or odor, the visual target was lowered into the test tank. Behavior was recorded for 1 min once the turtle bit at the visual stimulus or for 3 min if the turtle did not bite at the stimulus. The treatments were delivered in the same method as for loggerheads. All animals were tested with a stationary and a moving visual stimulus to ascertain if there was a preference for one over the other. Thirteen leatherbacks were tested with a seawater control and jellyfish odor, and 14 with lion's mane jellyfish odor alone (27 total leatherbacks).
Statistical analyses
All variables (total bite performance, total bites at the visual target, total successful bites, initial bite success, and bite response to moving vs. stationary targets) were compared between control and experimental periods using Wilcoxon signed rank tests (Zar 1998) . Relative flipper stroke rate changes and bites per test period were compared between loggerheads and leatherbacks using a Mann Whitney U-test. Results were considered significant at p < 0.05. All analyses were performed using Minitab ® 16 statistical software.
RESULTS
Sample sizes varied by treatment (Loggerheads: n = 23 small target, n = 10 jellyfish model; leatherbacks: n = 27), because some animals qualified for release as part of a different, unrelated study, and because some treatments resulted in no response. When not being tested, all animals used in this study were fed on in-house manufactured diets that did not contain any of the test fish, squid, or jellyfish. Leatherbacks often missed apprehending their food and required several attempts. Loggerheads rarely missed apprehending their food.
Normal feeding behavior in hatchling loggerhead and leatherback sea turtles involves the animals actively searching for food after initially pausing their swimming when the food odor is detected. Loggerheads actively search for food at the surface or on the bottom of their holding tank, increase flipper stroke rate to get to food, dive towards the food, and bite at food or surface bubbles after a brief pause in swimming. Leatherbacks pause briefly in their swimming when they detect food, orient to wards the food, increase flipper stroke rate to approach, and bite at it.
Visual field
Field of view analyses by species (n = 10 loggerheads and 5 leatherbacks) showed that the visual field did not extend dorsally in either species due to the extent of the upper eyelid and orbit margins. In both species, the maximum anterior−posterior and dorsal− ventral axes were used to characterize the maximum aspects field of view, and an asymmetrical ellipse with a very short upper half of the minor axis described the shape of the field of view (Fig. 1) . Leatherback turtles have a relatively smaller field of 3550 cm 2 and no overlap of visual fields (Fig. 4A) . Consequently, leatherback turtles lack binocular vision. The loggerhead turtle field of view is relatively large and, based upon mirror image mapping of left and right eyes, overlaps approximately 60° anterior to the snout (Fig. 4B) , indicating a small area of binocular vision. The estimated area of the 2 ellipses, at 20 cm from each eye (a standard distance used in this study) was 11 278 cm 2 for loggerhead sea turtles.
Bite accuracy
During the control periods, the turtles seldom showed any response to a visual target; 1 logger-head bit at the small target (lead split-shot), and only 1 leatherback and 2 loggerheads bit the jellyfish model. During the experimental periods, both species bit at targets. Consequently, only experimental period results were informative in assessing target approach behavior and comparing bite accuracy of the turtles.
When presented with the small target, there was a distinct difference between the species (U = 430, p = 0.02). No leatherback (0 of 5 turtles) showed any interest and none bit the target. Consequently, no additional leatherbacks were tested with the small target. In contrast, loggerheads bit at the small target (17 of 23 turtles; 199 total bites, mode = 5, range = 3−20).
Both species bit the jellyfish model, and there was no difference in total bites (U = 158.5, p = 0.43). Twelve of 27 leatherbacks bit the model; they mostly bit the bell portion (147 total bites, mode = 7, range = 1−31). Six of 10 loggerheads approached and somewhat tentatively bit, mostly the tentacles (37 total bites, mode = 5, range = 2−15). Loggerheads bit more often during the experimental periods than during the control periods (U = 430, p = 0.02) and showed no preference for biting small vs. large targets (U = 71, p = 0.09).
In terms of bites directed at the targets, leatherbacks only bit at the jellyfish model. Loggerheads and leatherbacks did not differ in Table 2 . Summary comparing the percent of leatherbacks and loggerheads that bit at a target and the number of bites at targets during the experimental period. Mann-Whitney U-tests were used to compare the number of bites the number of bites directed at the jellyfish model (Table 1) , and loggerheads did not differ significantly in the number of times they bit at the small target vs. the jellyfish model (Table 2 ). Neither first bite success nor total bite success differed in any measure between species (Table 3) . When presented with a stationary vs. a moving target, loggerheads showed no preference (Table 1 , U = 430, p = 0.28). Leatherbacks bit at stationary targets more often than moving ones (Table 1 , U = 252.5, p = 0.05). Loggerheads were more likely to bite at a small moving target, while leatherbacks were more likely to bite a large stationary target (Table 1 , U = 456, p = 0.0005).
DISCUSSION
Several approaches are used to reduce sea turtle bycatch in fisheries worldwide (Kerstetter & Watson 2006 , Gilman & Huang 2017 , Swimmer et al. 2017 . A common approach is to change the bait and hook type to decrease bycatch, although some time-area fisheries closures are also implemented. Many fisheries have switched from J-hooks to circle hooks (Santos et al. 2012) . Circle hooks with no or minimal offset and wider circles make it more difficult for sea turtles or other common bycatch species to become hooked (Witzell 1999 , Cambiè et al. 2012 , Santos et al. 2012 , Gilman & Huang 2017 . Circle hooks rigged in squid bait also reduced the proportion of leatherbacks caught compared to J-hooks (Watson et al. 2005 , Gilman & Huang 2017 , Swimmer et al. 2017 ), yet leatherback mouth hookings increased by ~20% when baits were rigged with circle hooks. Foulhookings and entanglement were still the most common for leatherbacks with either hook type , Stokes et al. 2012 , Gilman & Huang 2017 , Swimmer et al. 2017 . These results suggest that the increase in proportion of mouth hooking with circle hooks may be caused by the reduced propensity for a circle hook to snag the turtle externally. Based upon our observation that leatherbacks lack depth perception, and that in the lab they frequently make multiple approaches toward their food before successfully biting it, we hypothesize that when the hook barb is contained within the bait, the turtles are less likely to become foul-hooked. However, they may re-approach the baited hook, and if they successfully bite and in gest the bait, they then may become hooked in the mouth. Leatherbacks may become externally hooked more frequently, simply as a consequence of their more limited visual fields and lack of binocular vision. Leatherback turtles have a smaller elliptical field of view than loggerheads, and no overlap of visual fields, and hence monocular vision, which limits visual depth perception. Leatherbacks may bite near baits (and other targets, such as our lab jellyfish model showed) but miss; repeated attempts may lead to greater potential for becoming entangled in lines or foul hooked.
Loggerhead turtles have a large and a small area of overlapping visual fields. The overlap indicates the loggerheads have some binocular vision, which may explain their greater accuracy in biting baited hooks (as well as the small targets and the jellyfish models' tentacles in the laboratory). Because loggerheads have greater success in apprehending targets, they are likely more successful in catching baits; the more frequently a turtle gets a bait in its mouth, the greater the opportunity to be mouth-hooked or to swallow the hooks.
We found that leatherbacks only bit the larger target (jellyfish model), completely ignoring the small target. Further, they only bit the bell portion of the target and bit a few times. This behavior is consistent with feeding strategies for maximizing energy intake of high volumes of low-calorie prey (Fossette et al. 2012 , Heaslip et al. 2012 . When tested with the smaller target, the leatherbacks behaved as if it was not there. Single small prey items may not be energetically 'worthwhile' unless they are highly concentrated and abundant (Heaslip et al. 2012) .
In general, loggerheads tend to bite a variety of food types in nature (Marshall et al. 2012) . We found that loggerheads bit at both large and small targets. (Guzman 2008) . Loggerheads approached the large target slowly, often while in a tucked position. This difference may have been due to the size of the jellyfish model, which was almost the same size or larger than most of the loggerhead turtles tested. When they bit it, they ignored the bell and attempted to feed only on the tentacles, effectively dealing with a smaller target. After the introduction of a food odor into the tank, loggerheads usually bit at the first object that moved; this was often their own reflection in the mirror present in the tank. It would be interesting to test this species with a smaller or mid-sized jellyfish model to see if their reactions differ.
We expected loggerheads to be much more successful at biting at targets than leatherbacks but found that this was not the case for the jellyfish model tests. Both species successfully bit at the target approximately half of the time. Comparing bite success with 2 different kinds of targets was not possible since the leatherbacks ignored the small target and because the parts of the jellyfish model that each species attempted to feed on differed. However, in broader view, interspecific comparison provides some insights into their effectiveness in apprehending the 'preferred' target type. Because leatherbacks often miss their food in the lab, we expected poor first bite success with the jellyfish model. Instead, we found they were at least as successful as loggerheads. This result may be due to the size of the jellyfish model, which was much larger and easier to see than the size food that the animals are accustomed to (approximately 8−10 cm × 2 cm strips). Their food in the lab was much larger than the size of the small target. Similarly, loggerheads feed on food items that vary in shape but often are similar in size to the small target. Nevertheless, live jellyfish are readily eaten by loggerheads (as well as leatherbacks) when offered in the lab.
During bite accuracy trials, it was often necessary to initially jiggle the target to get the turtles' attention. We then tested if the turtles preferred a moving or stationary target. Loggerheads showed no preference for a moving target versus a stationary jellyfish model. With the small target, most bites were to the moving target. This behavior may be because the small target was comparable in size to their food. Their reaction to the jellyfish model was intriguing because most of the turtles assumed a defensive tuck position (Witherington 2002) when the jellyfish was introduced into the tank. The loggerheads were less likely to bite at the jellyfish model than the small target, and only the turtles that did not assume a tucked position bit the jellyfish model. Leatherbacks bit at a stationary jellyfish model much more often than a moving one. Typically, they would see the target move, watch until it stopped moving, and then approach it. The same behavior often was true for loggerheads; they would notice the jellyfish model while it was moving and then wait until it was stationary to bite. The fact that the target sometimes needed to move initially for the turtles to notice it and bite it is potentially significant. Perhaps once a prey odor is present, the prey needs to move for the turtles to locate it. Baited hooks are almost always exposed to moving water while suspended in water columns and would thereby provide both odor cues and visually alert sea turtles to the target. Due to the abundance of odors present in the areas where longline fishing occurs, bait movement may elicit feeding behavior in the turtles. A researcher was always standing next to the study tank during both control and experimental periods, therefore we do not believe the presence of a person moving the model in the water column caused any differences in behavior.
We make the assumption that the age of the turtles tested does not introduce significant bias to our results. All turtles in this study were between 2 and 7 wk of age. We noted a change in their feeding ability in the first few weeks and therefore did not test turtles until they were at least 2 wk old. When turtles first begin eating, they will often crisscross their tank, searching for the food and take some time to orient and dive towards it. By the age of 2 wk, the turtles show maturation of their motor skills; they orient towards their food quickly and their movements are concise. Maturation of motor skills is well documented in young passerine birds (Barraud 1961 ) and shorebirds (Buckley & Buckley 1974) . Both of these studies showed that fledgling and juvenile birds spend more time searching for food and have to make more attempts to obtain food than adults. We cannot preclude the possibility that repeating these observations with turtles that are older might refine results of this study, especially if turtles further im prove motor coordination with age and experience morphological growth changes in visual fields.
The results of this study are the first to show that juvenile leatherback sea turtles lack binocular vision and to our knowledge identify behavioral and morphological reasons that may explain bycatch differences between loggerhead and leatherback turtles.
